Identifying the contents of processed food products is essential to correct labelling. In processed foodstuffs, species identification through morphological analysis is difficult. Several factors hinder the identification of fish species in processed foods: proteins or other materials subjected to analysis may be denatured during heat treatments; the presence of other ingredients (e.g., olive and other vegetable oils) may interfere with the analysis. Consequently, possible frauds perpetrated by replacing valuable species with less precious ones may go undetected. In most processed samples (e.g. canned products), DNA is degraded into small fragments, which considerably reduces the sensitivity of molecular analysis. The main goal of our research was to develop an analytical method able to identify fish species in highly processed products, such as canned fish. The assay was developed by combining an effective method of DNA recovery from samples with the detection of small-sized sequences of the mitochondrial Cytb gene. This method appears particularly suitable when morphological characterization is difficult, to carry out such as in canned products where DNA is degraded or present in small quantities. We have analyzed 60 samples of seafood commercial products identifying 3 different genera and five different species. All analyzed samples revealed a correct species declaration, for one sample we highlighted important commercial fraud. We also used bio-informatic identification systems for the Sequence Alignment and the construction of phylogenetic tree to better confirm the revealed fraud.
Introduction
It is important to identify the fish species used in commercial products, in order to unmask possible frauds, which may be perpetrated by replacing valuable species with others of lower value or protected species, especially in elaborately processed foodstuffs (fish in oil and canned products) [1] . Precautionary measures are necessary, especially since substituted or mislabeled fish may contain unknown toxic or allergenic substances that are potentially dangerous [2] . For this reason, the demand for analytical tests by the authorities responsible for food monitoring is increasing worldwide [3] . Forensic genetic techniques for species identification provide an essential tool for the authentication of seafood in the marketplace, and should be more widely applied in order to maintain the credibility of certification by discouraging commercial fraud [4] . While whole fish can easily be identified on the basis of morphology, according to dichotomous keys proposed by the FAO, processed products can be more difficult to identify. In order to solve this problem, several molecular assays based on the analysis of polymorphic DNA sequences of the mitochondrial genome (DNA barcoding) have been developed in recent years. DNA barcoding is used for the rapid and accurate identification of animal or plant species not listed on the labels of processed foods [5] .
The aim of our study was to develop and validate a sensitive and specific method of identifying fish species products highly processed and might have been heated to temperature > 100˚C to cook or sterilize them. This resulted in DNA degradation and so PCR primers were used to amplify fragments of 200 bp or less [6] . The assay developed was then carried out on 60 processed seafood products sold in Italy, with the aim of identifying the fish species utilized by means of DNA barcodes and comparing our data with the species listed on the product labels.
Nowadays, people tend to spend less time preparing food; consequently, the consumption of processed foods has risen. The present study was designed to provide a suitable, inexpensive tool for ensuring the authenticity and origin of fish in canned fish preparations. As genetic markers, we chose the Cytb gene, since these mitochondrial DNA (mtDNA) sequences are the most widely used markers for fish species identification [7] - [12] . The mtDNA analyze sequence derived from the gene encoding cytochrome b, used for the purpose of species identification by PCR because mtDNA is multicopy DNA existing in every cell.
Furthermore, the mtDNA of most animals evolves more rapidly than nuclear DNA, and often shows higher levels of intra-specific polymorphism and population subdivision [7] .
Species to be submitted to mitochondrial DNA barcoding were selected according to their consumption in Italy and their commercial value.
Materials and Methods

Sample Collection
Samples of canned fish were delivered to our laboratory by Health authorities as 
DNA Extraction and PCR
DNA was extracted from 200 mg of each processed fish sample by means of the Nucleospin® Food kit (Macherey-Nagel GmbH & Co., Düren, Germany). The sample was first placed over night in twice-distilled water to remove the oil, and then centrifuged at 13,000 rpm for 10 minutes. The supernatant was removed, and the pellet used for DNA recovery. The pretreatment of the samples improves the quality of extracted DNA. The quantity and quality of DNA extracted was evaluated using the A260/A280 ratio. Our samples had a values between 1.8 and 2 indicate a good DNA extract with little protein contaminants [13] .
PCR Assay
For the PCR-based assay, a region of 577 bp was the selected target this was am- Figure 1 ).
Results
The 60 samples of canned fish analyzed proved to belong to 3 genera and 5 species ( Table 1) . As reported in Table 1 , identification through DNA barcoding allowed us to characterize all the samples analyzed. The DNA extracted from all the samples proved to be of good quality and allowed optimal sequence analysis.
We were able to detect the species in all the samples ( Table 1 ).
The species declared on the label was confirmed in all samples except two, which was labeled as Thunnus alalunga instead of Thunnus thynnus, as proved by our assays. All other samples were correctly labeled as Thunnus albacares, Thunnus obesus, Sardina pilchardus and Engraulis encrasicolus.
Discussion
This study was carried out in order to validate a sensitive and specific method of identifying fish species on the basis of direct sequencing of two specific targets of the mitochondrial gene Cytb. Numbers at the nodes indicate the bootstrap confidence values obtained after 1000 replications.
The exceptional biodiversity of marine fauna raises the possibility of finding alien species that cannot easily be identified through morphological analysis, especially if they are sold as fillets or slices [15] . Our results indicated that each of the species examined showed a unique and clearly distinguishable sequence.
This finding also demonstrates that DNA barcoding is feasible and that the Cytb mitochondrial sequence can be successfully used to identify commonly marketed processed seafood products. Indeed, two standard Cytb sequence barcode regions, around 577 bp and 376 bp, are relatively well conserved within a given species at the same time, however, they show sufficient variation to allow differentiation between species [16] . The correct and reliable identification of species is of particular importance in processed foodstuffs, since processing often obliterates or alters morphological characteristics [5] . In these cases, identification by means of conventional taxonomic features becomes very difficult or impossible. As reported in the literature [16] , long fragments are difficult to recover from heavily processed foodstuffs. Nevertheless, we were able to identify the species in all the processed food samples analyzed. Fish species processed by means of breading and cooking have been identified through molecular assays.
None of these technological processes have proved to impair DNA quality and subsequent sequencing analysis. Application of the protocol described above enabled us to confirm that the great majority of the samples analyzed had been correctly labeled it also revealed a species substitution fraud in a sample sold as tuna in oil (reported in the first row in Table 1 ). This sample was labeled as Alalunga Tuna (Thunnus alalunga) instead of Red Tuna (Thunnus thynnus). This mislabeling was probably intended to mask the use of Thunnus thynnus caught illegally in contravention of the restrictions imposed by current Italian legislation [17] .
Conclusions
In agreement with our previous research, this study confirmed that molecular methods involving DNA sequencing can be successfully used to increase the traceability of food products, particularly with regard to the trade and processing (RSP) of the European Parliament concerning the traceability of fishery products.
In conclusion, DNA sequencing is one of the most powerful tools for identifying fish species and promoting food safety and sustainable fisheries. Given that the consumption of ready-to-eat seafood products and take-away meals is constantly growing (http://www.ismea.it) [19] , this technique should be urgently applied. It is necessary to have an easy and accurate method for the rapid analysis of highly processed products, such as seafood that is canned or preserved in oil. Indeed, the fraud revealed by our study reflects the potential increase in commercial frauds involving seafood products.
